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Abstract: There is a general belief that having breakfast is an important healthy lifestyle factor;
however, there is scarce evidence on the influence of breakfast quality and energy density on
cardiometabolic risk in children, as well as on the role of physical activity in this association. The aims
of this paper were (i) to examine the associations of breakfast quality and energy density from
both solids and beverages with cardiometabolic risk factors, and (ii) to explore whether physical
activity levels may attenuate these relationships in children with overweight/obesity from two
projects carried out in the north and south of Spain. Breakfast consumption, breakfast quality
index (BQI) score, BEDs/BEDb (24 h-recalls and the KIDMED questionnaire), and physical activity
(PA; accelerometry) were assessed, in 203 children aged 8–12 years who were overweight or obese.
We measured body composition (Dual X-ray Absorptiometry), uric acid, blood pressure, lipid profile,
gamma-glutamyl-transferase (GGT), glucose, and insulin, and calculated the HOMA and metabolic
syndrome z-score. The BQI score was inversely associated with serum uric acid independently of a
set of relevant confounders (β = −0.172, p = 0.028), but the relationship was attenuated after further
controlling for total PA (p < 0.07). BEDs was positively associated with total and HDL cholesterol, and
systolic blood pressure regardless of confounders (all p < 0.05), while BEDb was positively associated
with HOMA in either active/inactive children (all p < 0.03). In conclusion, higher breakfast quality
and lower breakfast energy density should be promoted in overweight/obesity children to improve
their cardiometabolic health.
Keywords: breakfast quality; breakfast energy density; skipping breakfast; cardiometabolic health;
childhood obesity; uric acid; HOMA; cholesterol; blood pressure; physical activity
1. Introduction
Breakfast has traditionally been considered as being not only the first, but also the most important
meal of the day. Skipping breakfast is associated with excess adiposity during childhood [1–3] and
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therefore, breakfast consumption has been suggested as a childhood obesity-preventing strategy [4].
Indeed, it has been reported that children are hungrier and consume more food before lunch when
skipping breakfast, while it is unclear when skipping other meals [5]. The overall diet quality of
children who consume breakfast is healthier compared to those who skip it [6]. Skipping breakfast
prevalence increases with age [7], and it is associated with increased abdominal [8] and visceral
adiposity [9], metabolic syndrome [10], and lower levels of physical activity [11].
Currently, on account of the wide variety of food available, ultra-processed foods are common in
childrens’ diets. The breakfast of Spanish children is predominantly composed of sugary and fat-rich
products such as biscuits, pastries, breakfast cereals, artificial juices, and milkshakes [12]. In this line,
a previous study reported that breakfast frequency and quality may affect glycaemia and appetite
in both children and adults [13]. Thus, Monteagudo et al. proposed a Breakfast Quality Index (BQI),
an itemized tool based on the well-known Mediterranean dietary pattern, to assess breakfast quality in
children and adolescents [14]. Recently, energy density has been used as dietary parameter to evaluate
the associations between diet and adiposity [15]. A previous study suggested to analyze energy density
from solids (BEDs) and beverages (BEDb) separately, since excluding caloric beverages from BEDs
calculation seems to be a useful method to avoid misinterpretation of true exposure to a high energy
dense diet [16]. Thereby, diet quality and energy density are important dietary factors when analyzing
the adequacy of breakfast as well as of the other meals such as lunch or dinner.
Physical activity is associated with a lower risk of cardiovascular disease [17], and specially,
with insulin resistance [18]. Moreover, previous studies observed that high physical activity levels
may reduce the detrimental effect of unhealthy dietary patterns in children and adolescents [19].
Previous studies concluded that youth who seldom ate breakfast tended to be more sedentary [20,21].
According to a Swedish study, children aged 10 years consuming a breakfast which provided over 20%
of their estimated daily energy requirements, performed significantly better in before-lunch physical
endurance tests compared to children who consumed a breakfast providing with only 10% of their
energy requirements [22]. However, there is no strong evidence on whether having a low energy intake
breakfast time is detrimental to childrens’ physical activity levels [23].
Therefore, given that both the quality and the energy density seem to be important dimensions
of the first meal of the day, to be considered for their potential relationship between obesity and
related metabolic disorders, and that physical activity may attenuate the detrimental effect of
unhealthy breakfast habits on cardiometabolic health, the aims of the current study were: (i) to
examine the associations of breakfast quality and energy density from both solids and beverages with
cardiometabolic risk factors, and (ii) to explore whether physical activity levels may attenuate these
relationships in children who were overweight or obese from two projects carried out in the north and
south of Spain.
2. Material and Methods
2.1.Study Design and Participants
The current cross-sectional pooled analysis includes baseline data from the EFIGRO (ClinicalTrials.
gov ID: NCT02258126) [24] and the ActiveBrains (ClinicalTrials.gov ID: NCT02295072) [25] randomized
controlled trials. Both studies involve participants with the same characteristics and were conducted
between 2014 and 2017. The EFIGRO study was carried out in Vitoria-Gasteiz (North of Spain),
with the aim of examining the additional effect of supervised exercise training on hepatic fat content
in children with overweight/obesity participating in a family-based healthy lifestyle educational
intervention. The ActiveBrains project was conducted in the southern Spanish city of Granada with the
main objective to investigate the effect of a supervised exercise training program on brain, cognition,
and academic achievement as well as physical and mental health in children with overweight/obesity.
The study protocols were approved by the Ethic Committee of Clinical Investigation of Euskadi
(PI2014045) and the Review Committee for Research Involving Human Subjects at University of
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Granada (Reference: 848, February 2014), respectively. Parents or legal guardians whose child was
participating in the study signed an informed written consent before being enrolled in the study.
For the current cross-sectional study we used the baseline data of a total of 203 children
(47.3% girls) with overweight/obesity, aged 8–12 years and with dietary data available from two
nonconsecutive 24 h-recalls were included in the analysis.
2.1. Anthropometry, Cardiometabolic Risk Assessment and Socio-Demographic Data
Height (SECA 220, Hamburg, Germany) and body weight (SECA 760, Hamburg, Germany) were
measured barefoot following the standard protocols. Body mass index (BMI) was calculated as body
weight divided by height squared (kg/m2). According to World Obesity Federation criteria, children
were classified as being overweight or obese [26]. Waist circumference was measured by a nonelastic
tape (SECA 201, Hamburg, Germany) after a normal breathing in standing position, at the middle point
between the anterior iliac crest and lower border of the rib. Total and abdominal fat were assessed
by dual energy X-ray absorptiometry (DXA; HOLOGIC, QDR 4500W, and HOLOGIC, Discoveri Wi
for EFIGRO and ActiveBrains, respectively) and FMI was calculated as fat mass divided by height
squared (kg/m2). Abdominal adiposity was measured by determining three abdominal sections as
described elsewhere [27].
Systolic and diastolic blood pressure (OMRON® M6) were measured twice following
recommendations for children [28]. Puberty stage was determined by direct examination by a
pediatrician according to Tanner and Whitehouse [29]. Biochemical parameters such as serum lipid
profile, gamma glutamyl transferase (GGT), glucose, insulin, and uric acid were obtained from
fasting blood samples as has been reported elsewhere [24,25]. Insulin resistance was determined
by computing homeostatic model assessment (HOMA) as follows: (insulin (µU/mL) × glucose
(mmol/dL))/22.5) [30]. Maternal educational level was recorded and categorized as high (university
or higher education) or low (primary, secondary, or high school).
Children were categorized as having or not metabolic syndrome according to the IDF criteria [31,32].
According to this definition, children were considered as having MetS if they presented three or more
metabolic risk factors (central obesity; elevated systolic (≥130 mmHg) or diastolic (≥85 mmHg) blood
pressure; elevated triglycerides (≥150 mg/dL) or low HDL cholesterol (<40 mg/dL); and impaired
fasting blood glucose (≥100 mg/dL)). We calculated the metabolic syndrome z-score based on sex-
and age-specific z-scores using data from a sample of Spanish children with a similar age range and
with all BMI categories [33]. MetS z-score was computed by using the sum of the sex- and age-specific
z-scores for the most common variables included in the metabolic syndrome definition (triglycerides,
HDL-cholesterol, glucose, and systolic and diastolic blood pressure) [34].
2.2. Breakfast Intake, Quality and Energy Density Assessment
Two nonconsecutive 24 h-recalls of weekdays were recorded during a time span of a week by
trained nutritionists, and thereafter, the mean of energy intake as well as food intake of both days
was calculated. Children reported their detailed intake from the previous day in an interview with
trained nutritionists and with the collaboration of their parents. Parents were not aware of the dietary
assessment previous to the interview in order to avoid reporting bias. Pictures of food servings
were used to estimate servings and food sizes [35]. Nutritional composition data was obtained by the
Easydiet computer software (© Biocentury, S.L.U. 2016), which is supported by the Spanish Association
of Dietetics and Nutritionists. Those participants with a single questionnaire or with noncompleted
data on dietary intake were excluded from the analyses (N = 22).
Skipping breakfast information was obtained (i) extracting an item from the KIDMED
questionnaire [36], and (ii) based on meals recorded in the 24 h-recalls. In addition, the quality
of the breakfast was evaluated based on the modified tool “Breakfast Quality Index (BQI)” proposed
by Monteagudo C et al. [14], which was slightly modified. The index used in our study is composed of
10 items related to breakfast consumption and is based on whether or not children meet the criteria of
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each component. The criteria to score one point in each item are the following: to consume (i) cereals
and derivates, (ii) fruits and/or vegetables, (iii) dairy products, (iv) to provide <5% of total daily
energy from food rich in simple sugars from breakfast, (v) to consume olive oil, (vi) monounsaturated
to saturated fatty acids ratio (MUFA/SFA) ≥2:1, (vii) to provide 20–25% of energy from breakfast in
relation to total daily energy intake, (viii) to consume cereals, fruits, and dairy products at the same
meal, (ix) to consume ≥200–300 mg of calcium, and (x) not to consume butter or margarine. Thereby,
1 point was scored when children met the criterion in each item, while a value of 0 was given when
this was not achieved. The BQI score ranged from 0 (poorest breakfast quality) to 10 points (optimal
breakfast quality). Detailed information of the BQI score is available in Supplemental Table S1.
Breakfast energy density from both solids and beverages was calculated by dividing the energy
consumed (kcal) by the amount (mass in grams) of food or drinks consumed, respectively (kcal/g).
Breakfast energy density from solids (BEDs) includes all solid food excluding all energy-containing and
non-energy-containing beverages, whereas breakfast energy density from beverages (BEDb) included
all drinkable energy-containing beverages such as soft drinks, milk, smoothies, shakes, or juices.
2.3. Physical Activity Assessment
Accelerometers were used to objectively measure total physical activity (wActisleep-BT and
wGT3X-BT, ActiGraph, Pensacola, FL, USA). Children had to wear the accelerometer on the
nondominant wrist during a seven consecutive days (24 h) except during water-activities. In order
to quantify the acceleration related to the movement registered and expressed in milligravity (mg),
Euclidean Norm Minus One (ENMO) was analyzed using the R software (GGIR Packae, v. 1.5-12,
https://cran.r-project.org/web/packages/GGIR/). Moderate to vigorous physical activity (MVPA)
was estimated by establishing age-specific cut-offs for ENMO [37] as recommended elsewhere [38].
Children were considered as active when meeting the criteria of reaching a minimum of 60 min of
MVPA per day and as inactive when MVPA <60 min/day [39].
2.4. Statistical Analysis
The distribution of the variables was analyzed by exploring the skewness and kurtosis, and as
triglycerides, GGT, insulin, and HOMA that did not have a normal distribution, all were logarithmically
transformed. As the DXA used in both of the studies to assess total and abdominal adiposity was
similar but not exactly the same model, z-score of FMI and abdominal adiposity according to the
study center was calculated in order to avoid any possible systematic error. To examine the association
of breakfast quality with cardiometabolic risk factors linear regression analyses were performed
considering breakfast quality as independent variable and cardiometabolic risk factors as dependent
variables. For this purpose, three models were performed; sex, age, center (Vitoria or Granada),
maternal educational level, and energy intake were used in Model 1; Model 2 was additionally
adjusted for FMI, and in Model 3, the analysis was further adjusted for total physical activity. This last
was included in the third model to explore if physical activity plays any role in the association between
breakfast dimensions and cardiometabolic risk. Linear regression analyses were also performed to
examine the association of energy density from solids and beverages (independent variables) with
cardiometabolic risk factors and MetS z-score (dependent variables). The same models were used for
both objectives. As sensitivity analyses, all the regression models were repeated including the puberty
stage instead of age as confounder. Sex interaction was also examined and no significant differences
were found, thus, the results are presented with boys and girls together. Statistical analyses were
carried out with the statistical software SPSS version 20.0 (SPSS Inc., Chicago, IL, USA) with a level of
significance of α = 0.05.
3. Results
Descriptive characteristics and dimensions of breakfast intake of participants are shown in Table 1.
Overall, it was observed that 7–21% and 4–11% of girls and boys, respectively, used to skip breakfast
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depending on the criteria used to define skipping breakfast. Although there were nonsignificant
differences neither according to sex nor to study center in skipping breakfast, girls tended to skip
breakfast more than boys (all p < 0.05). Finally, boys had higher levels of total daily physical activity and
MVPA than girls (p < 0.05), while there were no significant differences according to the study center.
BQI score was similar in boys and girls (Table 1), whereas children from the ActiveBrains trial
had significantly higher BQI score compared to children from the EFIGRO project, and therefore, had a
better breakfast quality (p < 0.001). In contrast, BEDs and BEDb were similar in boys and girls, as well
as in the two study centers (Table 1).
A higher percentage of boys met the criteria of having a dairy product included in the breakfast
than girls (p < 0.02, Supplemental Table S2). The rest of the breakfast components included in the
BQI were similar according to sex. Moreover, significantly higher number of participants from the
ActiveBrains project met the criteria for BQI components such as cereals (p < 0.001), food rich in simple
sugars (p < 0.05), MUFA-rich fats (p < 0.001), and MUFA/SFA ratio (p < 0.05), compared to children
from the EFIGRO project (Supplemental Table S2).
The associations of BQI score with cardiometabolic risk factors are shown in Table 2. BQI score
was significantly and inversely associated with serum uric acid after adjusting for sex, age, center,
maternal educational level, daily energy intake, and FMI (p < 0.05, Model 2, Table 2). However,
this association was attenuated after further controlling for total physical activity (p < 0.07, Model 3,
Table 2). Although there was a trend to significance between BQI score and GGT, BQI score was not
significantly associated with the rest of cardiometabolic risk factors in children who were overweight
or obese.
The associations between breakfast energy density and cardiometabolic risk factors are shown in
Table 3. BEDs was significantly associated with total cholesterol regardless of potential confounders
(p < 0.05, Model 2, Table 3) and of total physical activity (p < 0.05, Model 3, Table 3), as well as
with HDL cholesterol regardless of potential confounders (p < 0.05, Model 2). Similarly, BEDs
was positively associated with systolic blood pressure (p < 0.05, Model 2, Table 3). BEDb was
significantly associated with HOMA after controlling for potential confounders including physical
activity (p < 0.03 for all, Model 1, 2, and 3, Table 3). Furthermore, after categorizing children as being
active (MVPA ≥ 60 min/day, N = 54) or inactive (MVPA < 60 min/day, N = 88), the current positive
association between BEDb and HOMA remained statistically significant (β = 0.288; adjusted p = 0.025,
and β = 0.250; adjusted p = 0.022 for active and inactive children, respectively). Finally, all the analyses
examining the associations of BQI and energy density of breakfast were repeated including puberty
stage instead of age into the models and the results did not substantially change (data not shown).
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Table 1. Descriptive characteristics and dimensions of breakfast intake of participants.
N All N Girls N Boys N EFIGRO N ActiveBrains
Biological characteristics
Age (years) 203 10.3 (1.1) § 96 10.3 (1) 107 10.4 (1.2) 112 10.6 (1.1) 91 10 (1.1)
BMI (kg/m2) 203 26.1 (3.5) 96 25.9 (3.6) 107 26.3 (3.5) 112 25.5 (3.1) 91 26.9 (3.8)
Obese (N, %) 203 135 (65.5) 96 59 (61.5) 107 76 (71.0) 112 66 (58.9) 91 69 (78.8)
High maternal educational level (N, %) 203 54 (26.2) 96 25 (26) 107 29 (27.1) 112 28 (25) 91 26 (28.6)
High puberty stage (N, %) φ 197 45 (23.1) 88 35 (38.9) 98 10 (9.7) 102 32 (29.4) 84 13 (15.1)
Waist circumference (cm) 203 84.1 (10.5) 96 81.8 (10.4) 107 86.3 (10.2) 112 79 (7.6) 91 90.4 (10.3)
FMI (kg/m2) 184 10.7 (2.5) 86 10.7 (2.6) 98 10.6 (2.5) 110 10.1 (2.3) 74 11.5 (2.7)
Abdominal fat (kg) 183 1.7 (0.6) 86 1.7 (0.6) 96 1.6 (0.6) 110 1.5 (0.6) 73 1.8 (0.6)
Systolic blood pressure (mmHg) 197 105.2 (15) 94 103.9 (15) 103 106.4 (14.8) 112 96.2 (10.1) 85 117 (11.6)
Diastolic blood pressure (mmHg) 197 65.4 (9.8) 94 64.6 (9.5) 103 66.1 (10) 112 61.6 (8.3) 85 70.3 (9.5)
Uric acid (mg/dL) 188 4.7 (0.9) 87 4.9 (0.9) 101 4.6 (0.8) 108 4.7 (0.8) 80 4.7 (0.9)
Cholesterol (mg/dL) 197 170.3 (30.6) 93 170.4 (32.1) 104 170.2 (29.3) 110 171.7 (28.4) 87 168.6 (33.2)
HDL-c (mg/dL) 197 51.1 (11.6) 93 49 (11.1) 104 53 (11.8) 110 51 (11.2) 87 51.3 (12.1)
LDL-c (mg/dL) 189 102.8 (24.9) 88 104.2 (24.8) 101 101.5 (25) 110 104 (23.8) 79 101 (26.4)
Triglycerides (mg/dL) 197 89.9 (50) 93 96.6 (53.3) 104 84 (46,3) 110 83.7 (39.5) 87 97.8 (60.1)
Glucose (mg/dL) 197 85.9 (6.2) 93 84.8 (6.5) 104 86.9 (5.8) 109 85.4 (5.5) 88 86.5 (7.1)
Insulin (µU/L) 194 12.9 (8.5) 93 14.4 (10.7) 101 11.5 (5.6) 110 12.2 (5) 84 13.9 (11.6)
HOMA 192 2.8 (2.1) 92 2.9 (1.7) 100 2.6 (1.3) 109 2.6 (1.1) 83 3.2 (2.1)
GGT (U/L) 184 16.9 (5.9) 85 16.9 (6.8) 99 16.9(5.1) 108 16.3 (4.8) 76 17.7 (7.3)
MetS (N, %) 181 12 (6.1) 86 7 (7.8) 95 5 (4.9) 105 4 (3.7) 76 8 (9.3)
MetS z score 181 2.4 (3.7) 86 2.2 (3.9) 95 2.5 (3.7) 105 0.5 (2.9) 76 4.9 (3.3)
Physical activity ¥
Total physical activity (ENMO min/day) 191 63 (15.4) 92 59.7 (13.7) 99 66.1 (16.5) 104 64.1 (16.4) 87 61.8 (14.3)
MVPA (min/day) 191 54.4 (20.9) 92 48.4 (18.3) 99 59.9 (21.7) 104 56.8 (21.7) 87 51.5 (19.6)
Skipping breakfast (N, %)
24 h-recall criteria 203 11 (5.3) 96 7 (7.2) 107 4 (3.7) 112 4 (3.5) 91 7 (7.5)
KIDMED item criteria 172 26 (12.6) 80 17 (21.3) 91 9 (11) 96 14 (14.6) 75 12 (16)
Breakfast quality
BQI score (0–10) 191 4.2 (1.3) 90 4.1 (1.3) 100 4.2 (1.2) 109 3.8 (1) 82 4.6 (1.5)
Breakfast energy density
From solids (BEDs) 179 3.3 (1.1) 86 3.3 (1.2) 92 3.3 (1.1) 109 3.3 (1.3) 70 3.4 (0.9)
From beverages (BEDb) 191 0.5 (0.3) 88 0.5 (0.2) 102 0.5 (0.1) 109 0.5 (0.2) 82 0.5 (0.1)
BMI, Body mass index, FMI, fat mass index; HDL-c, High density lipoprotein cholesterol, LDL-c, low density lipoprotein cholesterol, HOMA, homeostasis model assessment for insulin
resistance; GGT, gamma glutamyl transferase; MetS, metabolic syndrome; MVPA, moderate-to vigorous physical activity; BEDs, breakfast energy density from solids; BEDb, breakfast
energy density from beverages.§ Values are means and standard deviations. Φ High puberty stage was considered as Tanner stage equal or above III. ¥ Physical activity was obtained from
raw data based on Hildebrand et al. [30].
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Table 2. Associations of Breakfast Quality Index (BQI) score with cardiometabolic risk factors.
Model 1 Model 2 Model 3
β p β p β p
FMI z-score 0.057 0.455 - - - -
Abdominal fat z-score 0.024 0.752 −0.028 0.478 -0.047 0.235
SBP (mmHg) 0.047 0.384 0.042 0.426 0.034 0.533
DBP (mmHg) 0.034 0.625 0.029 0.674 0.041 0.553
Uric acid (mg/dL) −0.128 0.091 −0.172 0.028 -0.151 0.060
Cholesterol (mg/dL) −0.038 0.625 −0.036 0.659 -0.017 0.845
HDL-c (mg/dL) −0.022 0.779 0.017 0.831 0.009 0.913
LDL-c (mg/dL) −0.039 0.629 −0.046 0.582 -0.017 0.849
Triglycerides (mg/dL) −0.008 0.913 −0.030 0.699 -0.020 0.804
HOMA −0.016 0.845 0.022 0.779 0.020 0.809
GGT (U/L) −0.136 0.096 −0.144 0.082 -0.161 0.061
MetS z-score −0.018 0.779 −0.022 0.725 -0.011 0.869
FMI, Fat mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure, HDL-c, High density lipoprotein
cholesterol, LDL-c, low density lipoprotein cholesterol; HOMA, Homeostasis model assessment for insulin resistance;
GGT, gamma glutamyl transferase; MetS, metabolic syndrome. Model 1 was adjusted for sex, age, center, maternal
educational level, and energy intake; Model 2 was additionally adjusted for fat mass index; and Model 3 was further
adjusted for total physical activity.
Table 3. Associations of breakfast energy density from solids (BEDs) and beverages (BEDb) with
cardiometabolic risk factors.
BEDs BEDb
Model 1 Model 2 Model 3 Model 1 Model 2 Model 3
β p β p β p β p β p β p
FMI z-score −0.052 0.494 - - - - 0.043 0.561 - - - -
Abdominal fat z-score −0.024 0.752 0.020 0.619 0.018 0.653 0.031 0.680 −0.007 0.848 −0.007 0.855
SBP (mmHg) 0.074 0.166 0.107 0.045 0.082 0.130 0.090 0.091 0.071 0.165 0.076 0.154
DBP (mmHg) −0.031 0.654 0.018 0.794 −0.010 0.889 0.024 0.732 −0.007 0.922 −0.006 0.928
Uric acid (mg/dL) −0.026 0.735 0.060 0.451 0.058 0.473 0.017 0.825 0.007 0.925 0.003 0.970
Total cholesterol (mg/dL) 0.144 0.061 0.165 0.042 0.181 0.029 0.032 0.681 0.021 0.798 0.018 0.824
HDL-c (mg/dL) 0.198 0.008 0.186 0.016 0.172 0.032 0.059 0.433 0.061 0.433 0.071 0.371
LDL-c (mg/dL) 0.094 0.231 0.109 0.189 0.127 0.136 0.040 0.610 0.035 0.674 0.029 0.731
Triglycerides (mg/dL) 0.001 0.985 0.030 0.698 0.039 0.625 −0.008 0.916 −0.027 0.731 −0.032 0.683
HOMA 0.050 0.549 0.076 0.354 0.107 0.205 0.203 0.016 0.190 0.019 0.190 0.022
GGT (U/L) 0.112 0.160 0.116 0.156 0.126 0.131 −0.008 0.919 −0.033 0.689 −0.030 0.714
MetS z-score −0.035 0.586 0.012 0.846 0.003 0.958 0.051 0.425 0.023 0.710 0.020 0.744
BEDs, Breakfast energy density from solids; BEDb, breakfast energy density from beverages; FMI, Fat mass index;
SBP, systolic blood pressure; DBP, diastolic blood pressure, HDL-c, High density lipoprotein cholesterol, LDL-c,
low density lipoprotein cholesterol; HOMA, Homeostasis model assessment for insulin resistance; GGT, gamma
glutamyl transferase; MetS, metabolic syndrome. Model 1 was adjusted for sex, age, center, maternal educational
level, and energy intake; Model 2 was additionally adjusted for fat mass index; and Model 3 was further adjusted
for total physical activity.
4. Discussion
The current study examined the association of several breakfast dimensions on cardiometabolic
risk in children who were overweight or obese aged 8–12 years old. The main findings were that
both breakfast quality and breakfast energy density were associated with some of the cardiometabolic
risk factors studied. The BQI score was inversely associated with serum uric acid, while breakfast
energy density from solids was related to higher total and HDL cholesterol and higher breakfast
energy density from beverages was associated with higher levels of insulin resistance independently
of physical activity levels in children with overweight/obesity. To the best of our knowledge, this is
the first study examining the association of breakfast quality and energy density on cardiometabolic
risk in children with overweight/obesity.
In regards to skipping breakfast, a higher prevalence of skippers was reported by following
the KIDMED criteria than by using the 24 h-recall questionnaire since the 24 h-recall criteria could
only reflect two of the interviewed days and there might be children who were usual skippers, but
consumed breakfast in the interviewed days by chance. Previous studies reported a breakfast skipping
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prevalence of 10–30% in children and adolescents from the United States and Europe [40], with an
even higher prevalence in individuals with obesity [41].
Taking into account that two items from the BQI were related to monounsaturated fats, children
from the ActiveBrains project could have higher BQI score because in the south of Spain the
consumption of virgin olive oil is higher than in other regions. Indeed, children from the ActiveBrains
study (south of Spain) tended to consume higher intakes of virgin olive oil in their breakfast whereas
children from the EFIGRO study (north Spain) were more likely to consume less unhealthy alternatives
such as biscuits, breakfast cereals with sugar added, or pastries and therefore, did not obtain a positive
value in those items.
We found a negative association between BQI score and serum uric acid levels albeit no with
other cardiometabolic risk markers such as lipid, glycemic profile, or metabolic syndrome. Previous
research showed that serum uric acid is related to cardiovascular disease [42,43], which in turn is
an independent predictor for future cardiovascular mortality [44]. Milk proteins seem to decrease
serum uric acid concentration in adults [45] and as BQI scored positively with the presence of dairy
products in the meal, they could be one of the responsible components. A cross-sectional analysis
of two Caucasian adult cohorts reported lower serum uric acid levels in participants with higher
consumption of carbohydrates, calcium, vitamin B2, and lower fat intake [46]. The same study also
examined individual food items, and high consumption of dairy products, fiber-rich bread, cereals,
and fruits were negatively associated with serum uric acid. Of note, is that all these mentioned foods are
components of BQI which score positively and therefore could partially explain our findings. However,
it should be pointed that BQI was not associated with other cardiometabolic risk markers and metabolic
syndrome. Overall, little is known about the influence of breakfast quality on cardiometabolic risk in
children. Most studies in pediatric population examined just which were the health consequences of
the consumption or skipping breakfast, whereas the few studies examining the quality of breakfast
were carried out in adults [47], which hamper comparisons. Hence, as far as we are aware, there are
no previous studies exploring the effect of breakfast quality in cardiometabolic health of children with
overweight/obesity.
Regarding energy density, we also observed that BEDs and BEDb were positively associated with
both total and HDL cholesterol as well as with systolic blood pressure. The association of energy
density from solids with HDL could be explained by the fact that virgin olive oil that was added to the
toasts in breakfast was considered as solid as a whole (toast with virgin olive oil), since virgin olive
oil is not drinkable. Cumulative evidence suggests that virgin olive oil may have a preventive role in
coronary disease due to its monounsaturated fatty acids and polyphenolic compounds content [48,49].
In addition, considering that olive oil is energetically dense, the consumption of olive oil could be
the responsible for the positive association between breakfast energy density from solids and HDL
cholesterol. Furthermore, ultra-processed foods are energy-dense due to high salt, fat, and sugar
content. The positive association we found between BEDs and systolic blood pressure could be
explained by the high consumption of salt and sugars present in ultra-processed food consumed at
breakfast, since both sugar and salt intakes have been associated with increased blood pressure [50,51].
One important finding of the current study is that BEDb might be associated with insulin resistance
in children with overweight/obesity. Interestingly, this association was found regardless of being
an active (meeting PA recommendations) or inactive (not meeting PA recommendations) children.
A possible explanation for this relationship could be that almost all the kids of our projects tend to add
soluble cocoa or similar sweeteners to their milk cups, which in turn, increase the energy density from
these beverages. Moreover, some of the participants consumed artificial juices as a substitute of fruit or
natural fruit juice. This fact would be in line with a study that reported that added sugars from liquid
sources is associated with impaired glucose homeostasis and insulin resistance among youth at risk of
obesity [52]. Similarly, Donin et al. reported a positive association between dietary energy density and
insulin resistance and fat mass index in children aged 9–10 years [53], even though these associations
were attenuated and became nonsignificant after adjustment for energy intake. According to another
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study in adults, total daily energy dietary energy density was associated with obesity and metabolic
syndrome [54]. Taken into consideration, the fact that this positive association was observed in both
active and inactive children, our hypothesis about the attenuation of the detrimental effects of the
unhealthy breakfast by physical activity in cardiometabolic health was not confirmed.
The current proposal for examining BQI includes an item about energy intake, but it does not
include energy density of breakfast. However, taking into account our results on the association of
energy density with insulin resistance, we believe that this dimension of breakfast should be also
included when analyzing breakfast quality in youth.
Limitations and strengths
The current study has several limitations. The cross-sectional design of the study should be
considered as a study limitation. Dietary assessment was carried out by different researches which
could bias the measurements. Nevertheless, in order to decrease the interpersonal variability, the same
criteria were followed after reaching consensus. One of the strengths of the study is the homogeneity
of our sample composed exclusively by children who were overweight or obese. Moreover, different
dimensions of breakfast have been examined in order to have a more comprehensive study of
breakfast adequacy.
5. Conclusions
In conclusion, the findings of the current study suggest that both breakfast quality and breakfast
energy density might be associated with cardiometabolic risk factors such as serum uric acid,
cholesterol, and insulin resistance in children who are overweight obese. Moreover, energy density
from beverages was associated with insulin resistance, regardless, a set of potential confounders were
discovered both in both children meeting and not meeting physical activity recommendations. Results
of the current study suggest that breakfast energy density should be considered as an additional
dimension of breakfast intake. Therefore, nutritional education programs targeting the prevention of
cardiometabolic disease in children who are overweight or obese should include strategies focused on
promoting high quality and low energy density foods for breakfast.
Supplementary Materials: The following are available online at http://www.mdpi.com/2072-6643/10/8/1066/
s1, Table S1: Components and criteria for the calculation of Breakfast Quality Index (BQI) score (14), Table S2:
Breakfast Quality Index (BQI) components and number of children meeting the criteria (N, %).
Author Contributions: I.L. acquired and designed the study, L.A., I.L., and V.M.-H. interpreted data, L.A. and
I.L. drafted the work, L.A., I.L., V.M., M.M., M.O., M.A., E.M.-R., C.C.-S., F.B.O., and J.R.R. have approved the
submitted version and agree to be personally accountable for the author’s own contributions and for ensuring
that questions relating to the accuracy or integrity of any part of the work, even ones in which the author was not
personally involved, are appropriately investigated, resolved, and documented in the literature.
Funding: EFIGRO and ActiveBrains projects were supported by the Spanish Ministry of Industry and
Competitiveness (DEP2016-78377-R and DEP2013-47540) by “Fondos Estructurales de la Unión Europea (FEDER),
Una manera de hacer Europa”. The EFIGRO project was also supported by the University of the Basque Country
(GIU14/21). LA was supported by a grant from the Education Department of the Government of Basque Country
(PRE_2016_1_0057 and PRE_2017_2_0224), MM is supported by a grant from the Spanish Ministry of Education,
Culture, and Sport (FPU14/03329) and EST17/00210, MO was supported by a grant from the Spanish Ministry
of Science, Innovation, and Universities (BES-2017-080770), whereas MA was supported by a grant from the
University of the Basque Country (PIF 17/186). JRR, FBO, and CC-S were also supported by grants from the
Spanish Ministry of Economy and Competitiveness (RYC 2010-05957; RYC-2011-09011 and BES-2014-068829).
Acknowledgments: We would like to acknowledge all children and families for their participation in the EFIGRO
and ActiveBrains trials, as well as to professionals and pre/postgraduate students who have been involved in
data collection, measurements, and intervention.
Conflicts of Interest: The authors declare no conflicts of interest. The founding sponsors had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, and in the
decision to publish the results.
Nutrients 2018, 10, 1066 10 of 13
References
1. Ahadi, Z.; Qorbani, M.; Kelishadi, R.; Ardalan, G.; Motlagh, M.E.; Asayesh, H.; Zeynali, M.; Chinian, M.;
Larijani, B.; Shafiee, G.; et al. Association between breakfast intake with anthropometric measurements,
blood pressure and food consumption behaviors among Iranian children and adolescents: The CASPIAN-IV
study. Public Health 2015, 129, 740–747. [CrossRef] [PubMed]
2. Barrett, N.; Riordan, F.; Michels, N.; Andersen, L.F.; vant Veer, P.; Moreno, L.A.; Widhalm, K.; Manios, Y.;
Gottrand, F.; Santaliestra-Pasías, A.M.; et al. Breakfast Skipping and overweight/obesity among European
adolescents, a cross-sectional analysis of the HELENA dataset: A DEDIPAC study. HRB Open Res. 2018, 1,
1–12. [CrossRef]
3. Szajewska, H.; Ruszczyn´ski, M. Systematic review demonstrating that breakfast consumption influences
body weight outcomes in children and adolescents in Europe. Crit. Rev. Food Sci. Nutr. 2010, 50, 113–119.
[CrossRef] [PubMed]
4. Blondin, S.A.; Anzman-Frasca, S.; Djang, H.C.; Economos, C.D. Breakfast consumption and adiposity among
children and adolescents: An updated review of the literature. Pediatr. Obes. 2016, 11, 333–348. [CrossRef]
[PubMed]
5. Kral, T.V.E.; Whiteford, L.M.; Heo, M.; Faith, M.S. Effects of eating breakfast compared with skipping
breakfast on ratings of appetite and intake at subsequent meals in 8- To 10-y-old children. Am. J. Clin. Nutr.
2011, 93, 284–291. [CrossRef] [PubMed]
6. Coulthard, J.D.; Palla, L.; Pot, G.K. Breakfast consumption and nutrient intakes in 4–18-year-olds: UK
National Diet and Nutrition Survey Rolling Programme (2008–2012). Br. J. Nutr. 2017, 118, 280–290.
[CrossRef] [PubMed]
7. ALBashtawy, M. Breakfast eating habits among schoolchildren. J. Pediatr. Nurs. 2017, 36, 118–123. [CrossRef]
[PubMed]
8. Nurul-Fadhilah, A.; Teo, P.S.; Huybrechts, I.; Foo, L.H. Infrequent breakfast consumption is associated with
higher body adiposity and abdominal obesity in malaysian school-aged adolescents. PLoS ONE 2013, 8, 1–6.
[CrossRef] [PubMed]
9. Alexander, K.E.; Ventura, E.E.; Spruijt-Metz, D.; Weigensberg, M.J.; Goran, M.I.; Davis, J.N. Association
of breakfast skipping with visceral fat and insulin indices in overweight Latino youth. Obesity 2010, 17,
1528–1533. [CrossRef] [PubMed]
10. Shafiee, G.; Kelishadi, R.; Qorbani, M.; Motlagh, M.E.; Taheri, M.; Ardalan, G.; Mahnaz, T.; Poursafa, P.;
Heshmat, R.; Larijani, B. Association of breakfast intake with cardiometabolic risk factors. J. Pediatr. 2013, 89,
575–582. [CrossRef] [PubMed]
11. Schembre, S.M.; Wen, C.K.; Davis, J.N.; Shen, E.; Nguyen-Rodriguez, S.T.; Belcher, B.R.; Hsu, Y.-W.;
Weigensbrg, M.J.; Goran, M.I.; Spruijt-Metz, D. Eating breakfast more frequently is cross-sectionally
associated with greater physical activity and lower levels of adiposity in overweight Latina and African
American girls. Am. J. Clin. Nutr. 2013, 98, 275–281. [CrossRef] [PubMed]
12. Aranceta, J.; Serra-Majem, L.; Ribas, L.; Pérez-Rodrigo, C. Breakfast consumption in Spanish children and
young people. Public. Health Nutr. 2001, 4, 1439–1444. [CrossRef] [PubMed]
13. Pereira, M.A.; Erickson, E.; McKee, P.; Schrankler, K.; Raatz, S.K.; Lytle, L.A.; Pellegrini, A.D. Breakfast
frequency and quality may affect glycemia and appetite in adults and children. J. Nutr. 2011, 141, 163–168.
[CrossRef] [PubMed]
14. Monteagudo, C.; Palacín-Arce, A.; del Mar Bibiloni, M.; Pons, A.; Tur, J.A.; Olea-Serrano, F.; Mariscal-Arcas, M.
Proposal for a breakfast quality index (BQI) for children and adolescents. Public Health Nutr. 2013, 16,
639–644. [CrossRef] [PubMed]
15. Rouhani, M.H.; Haghighatdoost, F.; Surkan, P.J.; Azadbakht, L. Associations between dietary energy density
and obesity: A systematic review and meta-analysis of observational studies. Nutrition 2016, 32, 1037–1047.
[CrossRef] [PubMed]
16. Hebestreit, A.; Börnhorst, C.; Pala, V.; Barba, G.; Eiben, G.; Veidebaum, T.; Hadjigergiou, C.; Molnar, D.;
Claessens, M.; Fernandez-Alvira, J.M.; Pigeot, I. Dietary energy density in young children across Europe.
Int. J. Obes. 2014, 38, S124–S134. [CrossRef] [PubMed]
Nutrients 2018, 10, 1066 11 of 13
17. Ruiz, J.R.; Huybrechts, I.; Cuenca-García, M.; Artero, E.G.; Labayen, I.; Meirhaeghe, A.; Vicente-Rodriguez, G.;
Polito, A.; Manios, Y.; González-Gross, M.; et al. Cardiorespiratory fitness and ideal cardiovascular health in
European adolescents. Heart 2015, 101, 766–773. [CrossRef] [PubMed]
18. Davis, C.L.; Pollock, N.K.; Waller, J.L.; Allison, J.D.; Dennis, B.A.; Bassali, R.; Meléndez, A.; Boyle, C.A.;
Gower, B.A. Exercise dose and diabetes risk in overweight and obese children: A randomized, controlled
trial. JAMA 2012, 308, 1103–1112. [CrossRef] [PubMed]
19. Cuenca-García, M.; Ortega, F.B.; Ruiz, J.R.; González-Gross, M.; Labayen, I.; Jago, R.; Martinez-Gomez, D.;
Dallongeville, J.; Bel-Serrat, S.; Marcos, A.; et al. Combined influence of healthy diet and active lifestyle on
cardiovascular disease risk factors in adolescents. Scand. J. Med. Sci. Sport 2014, 24, 553–562.
20. Magnusson, M.; Hulthén, L.; Kjellgren, K.I. Obesity, dietary pattern and physical activity among children in
a suburb with a high proportion of immigrants. J. Hum. Nutr. Diet. 2005, 18, 187–194. [CrossRef] [PubMed]
21. Kaprio, J.; Rissanen, A.; Rissanen, A.; Virkkunen, M.; Rose, R.J. Breakfast skipping and health-compromising
behaviors in adolescents and adults. Eur. J. Clin. Nutr. 2003, 57, 842–853.
22. Wyon, D.P.; Abrahamsson, L.; Järtelius, M.; Fletcher, R.J. An experimental study of the effects of energy
intake at breakfast on the test performance of 10-year-old children in school. Int. J. Food Sci. Nutr. 1997, 48,
5–12. [CrossRef] [PubMed]
23. Vissers, P.A.; Jones, A.P.; Corder, K.; Jennings, A.; van Sluijs, E.M.; Welch, A.; Cassidy, A.; Griffin, S. Breakfast
consumption and daily physical activity in 9–10-year-old British children. Public Health Nutr. 2013, 16,
1281–1290. [CrossRef] [PubMed]
24. Medrano, M.; Maiz, E.; Maldonado-Martin, S.; Arenaza, L.; Rodriguez-Vigil, B.; Ortega, F.B.; Ruiz, J.R.;
Larrarte, E.; Diez-Lopez, I.; Sarasua-Miranda, A.; et al. The effect of a multidisciplinary intervention program
on hepatic adiposity in overweight-obese children: Protocol of the EFIGRO study. Contemp. Clin. Trials 2015,
45, 346–355. [CrossRef] [PubMed]
25. Cadenas-Sánchez, C.; Mora-González, J.; Migueles, J.H.; Martín-Matillas, M.; Gómez-Vida, J.;
Escolano-Margarit, M.V.; Maldonado, J.; Enriquez, G.M.; Pastor-Villaescusa, B.; de Teresa, G.; et al. An
exercise-based randomized controlled trial on brain, cognition, physical health and mental health in
overweight/obese children (ActiveBrains project): Rationale, design and methods. Contemp. Clin. Trials
2016, 47, 315–324. [CrossRef] [PubMed]
26. Cole, T.; Lobstein, T. Extended international (IOTF) body mass index cut-offs for thinness, overwight and
obesity. Pediatr. Obes. 2012, 7, 284–294. [CrossRef] [PubMed]
27. Labayen, I.; Ruiz, J.R.; Vicente-Rodríguez, G.; Turck, D.; Rodríguez, G.; Meirhaeghe, A.; Molnar, D.;
Sjöström, M.; Castillo, M.J.; Gottrand, F.; et al. Early life programming of abdominal adiposity in adolescents:
The HELENA. Diabetes Care 2009, 32, 2120–2122. [CrossRef] [PubMed]
28. Falkner, B.; Daniels, S.R.; Flynn, J.T.; Gidding, S.; Green, L.A.; Ingelfinger, J.R.; Lauer, M.R.; Morgenstern, B.Z.;
Portman, R.J.; Prineas, R.J.; et al. The Fourth Report on the Diagnosis, Evaluation, and Treatment of High
Blood Pressure in Children and Adolescents. Pediatrics 2004, 114, 555–576. [CrossRef] [PubMed]
29. Tanner, J.M.; Whitehouse, R.H. Clinical longitudinal standards for height, weight, height velocity, weight
velocity, and stages of puberty. Arch. Dis. Child. 1976, 51, 170–179. [CrossRef] [PubMed]
30. Matthews, D.; Hosker, J.; Rudenski, A.S.; Naylor, B.A.; Treacher, D.F.; Turner, R.C. Homeostasis model
assessment: Insulin resistance and beta-cell function from fasting plasma glucose and insulin concentrations
in man. Diabetologia 1985, 28, 412–419. [CrossRef] [PubMed]
31. Zimmet, P.; Alberti, K.G.M.; Kaufman, F.; Tajima, N.; Silink, M.; Arslanian, S.; Wong, G.; Bennett, P.;
Shaw, J.; Caprio, S.; et al. The metabolic syndrome in children and adolescents—An IDF consensus report.
Pediatr. Diabetes 2007, 8, 299–306. [CrossRef] [PubMed]
32. Ahrens, W.; Moreno, L.A.; Mårild, S.; Molnár, D.; Siani, A.; De Henauw, S.; Böhmannn, J.; Günther, K.;
Hadjigeorgiou, C.; et al. Metabolic syndrome in young children: Definitions and results of the IDEFICS
study. Int. J. Obes. 2014, 38, S4–S14. [CrossRef] [PubMed]
33. Martínez-Vizcaíno, V.; Sánchez-López, M.; Salcedo-Aguilar, F.; Notario-Pacheco, B.; Solera-Martínez, M.;
Moya-Martínez, P.; Franquelo-Morales, P.; López-Martínez, S.; Rodriguez-Artalejo, F.; et al. Protocol of a
randomized cluster trial to assess the effectiveness of the MOVI-2 program on overweight prevention in
schoolchildren. Rev. Esp. Cardiol. 2012, 65, 427–433. [CrossRef] [PubMed]
Nutrients 2018, 10, 1066 12 of 13
34. Alberti, K.G.; Eckel, R.H.; Grundy, S.M.; Zimmet, P.Z.; Cleeman, J.I.; Donato, K.A.; Fruchart, J.-C.;
Cleeman, J.I.; Donato, K.A.; Fruchart, J.-C.; et al. Harmonizing the metabolic syndrome: A joint interim
statement of the international diabetes federation task force on epidemiology and prevention; National heart,
lung, and blood institute; American heart association; World heart federation; International atherosclerosis
society; And international association for the study of obesity. Circulation 2009, 120, 1640–1645. [PubMed]
35. López, M.D.R.; Martín-Lagos, R.A. Guía Para Estudios Dietéticos: Álbum Fotográfico de Alimentos; Granada
University: Granada, Spain, 2011; pp. 1–128.
36. Cabrera, S.G.; Fernández, N.H.; Rodríguez Hernández, C.; Nissensohn, M.; Román-Viñas, B.; Serra-Majem, L.
KIDMED test; prevalence of low adherence to the Mediterranean Diet in children and young; a systematic
review. Nutr. Hosp. 2015, 32, 2390–2399.
37. Hildebrand, M.; Van Hees, V.T.; Hansen, B.H.; Ekelund, U.L.F. Age group comparability of raw accelerometer
output from wrist-and hip-worn monitors. Med. Sci. Sports Exerc. 2014, 46, 1816–1824. [CrossRef] [PubMed]
38. Migueles, J.H.; Cadenas-Sanchez, C.; Ekelund, U.; Nyström, C.D.; Mora-Gonzalez, J.; Löf, M.; Labayen, I.;
Ruiz, J.R.; Ortega, F.B. Accelerometer data collection and processing criteria to assess physical activity and
other outcomes: A systematic review and practical considerations. Sport Med. 2017, 47, 1821–1845. [CrossRef]
[PubMed]
39. World Health Organization. Recommended Levels of Physical Activity for Children Aged 5–17 Years.
Available online: http://www.who.int/dietphysicalactivity/factsheet_young_people/en/ (accessed on
26 July 2018).
40. Rampersaud, G.C.; Pereira, M.A.; Girard, B.L.; Adams, J.; Metzl, J.D. Breakfast Habits, Nutritional Status,
Body Weight, and Academic Performance in Children and Adolescents. Am. Diet. Assoc. 2005, 105, 743–760.
[CrossRef] [PubMed]
41. Freitas Júnior, I.F.; Christofaro, D.G.; Codogno, J.S.; Monteiro, P.A.; Silveira, L.S.; Fernandes, R.A.
The association between skipping breakfast and biochemical variables in sedentary obese children and
adolescents. J. Pediatr. 2012, 161, 871–874. [CrossRef] [PubMed]
42. Maloberti, A.; Maggioni, S.; Occhi, L.; Triglione, N.; Panzeri, F.; Nava, S.; Signorini, S.; Falbo, R.; Casati, M.;
Grassi, G.; et al. Sex-related relationships between uric acid and target organ damage in hypertension. J. Clin.
Hypertens. 2018, 20, 193–200. [CrossRef] [PubMed]
43. Bassols, J.; Martínez-Calcerrada, J.M.; Prats-Puig, A.; Carreras-Badosa, G.; Díaz-Roldán, F.; Osiniri, I.;
Riera-Perez, E.; de Zegher, F.; Ibáñez, L.; Lopez-Bermejo, A. Uric acid, carotid intima-media thickness and
body composition in prepubertal children. Pediatr. Obes. 2016, 11, 375–382. [CrossRef] [PubMed]
44. Zhao, G.; Huang, L.; Song, M.; Song, Y. Baseline serum uric acid level as a predictor of cardiovascular disease
related mortality and all-cause mortality: A meta-analysis of prospective studies. Atherosclerosis 2013, 231,
61–68. [CrossRef] [PubMed]
45. Garrel, D.R.; Verdy, M.; PetitClerc, C.; Martin, C.; Brule, D.; Hamet, P. Milk and soy protein ingestion: Acute
effect on serum uric acid concentration. Am. J. Clin. Nutr. 1991, 53, 665–669. [CrossRef] [PubMed]
46. Zykova, S.N.; Storhaug, H.M.; Toft, I.; Chadban, S.J.; Jenssen, T.G.; White, S.L. Cross-sectional analysis of
nutrition and serum uric acid in two Caucasian cohorts: The AusDiab study and the Tromsø study. Nutr. J.
2015, 14, 1–11. [CrossRef] [PubMed]
47. Iqbal, K.; Schwingshackl, L.; Gottschald, M.; Knüppel, S.; Stelmach-Mardas, M.; Aleksandrova, K.; Boeing, H.
Breakfast quality and cardiometabolic risk profiles in an upper middle-aged German population. Eur. J. Clin.
Nutr. 2017, 71, 1312–1320. [CrossRef] [PubMed]
48. Hu, F.B. The Mediterranean Diet and Mortality—Olive oil and beyond. N. Eng. J. Med. 2003, 348, 2595–2596.
[CrossRef] [PubMed]
49. Psaltopoulou, T.; Naska, A.; Orfanos, P.; Trichopoulos, D.; Mountokalakis, T.; Trichopoulou, A. Olive oil, the
Mediterranean diet, and arterial blood pressure: The Greek European prospective investigation into cancer
and nutrition. Am. J. Clin. Nutr. 2004, 80, 1012–1018. [CrossRef] [PubMed]
50. He, F.J.; Macgregor, G.A. Salt and sugar: Their effects on blood pressure. Pflugers Arch-Eur. J. Physiol. 2015,
467, 577–586. [CrossRef] [PubMed]
51. Welsh, J.A.; Anderson, C.A.M. Added Sugars and Cardiovascular Disease Risk in Children. Circulation 2017,
135, e1017–e1034.
Nutrients 2018, 10, 1066 13 of 13
52. Wang, J.; Light, K.; Henderson, M.; O’loughlin, J.; Mathieu, M.E.; Paradis, G.; Gray-Donald, K. Consumption
of added sugars from liquid but not solid sources predicts impaired glucose homeostasis and insulin
resistance among youth at risk of obesity. J. Nutr. 2014, 144, 81–86. [CrossRef] [PubMed]
53. Donin, A.S.; Nightingale, C.M.; Owen, C.G.; Rudnicka, A.R.; Jebb, S.A.; Ambrosini, G.L.; Stephen, A.M.;
Cook, D.G.; Whincup, P.H. Europe PMC funders group Europe PMC Funders author manuscripts. Dietary
energy intake is associated with type 2 diabetes risk markers in children. Diabetes Care 2014, 37, 116–123.
[CrossRef] [PubMed]
54. Mendoza, J.A.; Drewnowski, A.; Christakis, D.A. Dietary energy density is associated with obesity and the
metabolic syndrome in US adults. Diabetes Care 2007, 30, 974–979. [CrossRef] [PubMed]
© 2018 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).
